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Abstract
Results from phytochemistry screening of.Abrus
cantoniensis Hance indicated the presence of triterpenoid
saponins, anthraquinones and tannins.
From the hydrolyzed solution of the butanolic extract
of the root of Abrus cantoniensis Hance, two hydroxyanthra-
quinones, 3-methyl-1,8-dihydroxyanthraquinone (chrysophanol)
and 6-methoxy-3-methyl-l,8-dihydroxyanthraquinone (physicon),
and two triterpenes, olean-l2-ene-3(e),22(a)-diol
(sophoradiol) and 3, 2ld., 24-trihydroxy-olean-l2-ene
(soyasapogenol-(B)), were isolated. They were identified
by IR,, PMR, UV and Mass spectra and were found to be
identical with chrysophanol, physicon, sophoradiol and
soyasapogenol-(B) respectively, which had been isolated from
other natural products.
The sugar portion was found to contain D-glucose and
d-rhamnose by analytical thin layer chromatography.
1Chapter I
Introduction
(I) Aim of study
Abrus cantoniensis Hance has widely been used
by Chinese to cure both acute and chronic hepatitis
particularly in the southern provinces of China.
Searching through the chemical and biological litera-
ture, both the Chinese and Western, revealed little
phytochemical information. In co-operation with
members of our research group to test the bioactivity
of Abrus cantoniensis extract on certain selected
animal models, this preliminary study attempts to
explore the chemical composition of this herb.
(II) Plan of study: The whole scheme is summarized in
Fig. 1
Botanical identification




(A) Botanical identification of the starting, material
Owing to the similarity between Abrus
cantoniensis Hance （ 鷄 骨 草 ） and Abrus
precatorius L. （ 相 思 子 ） ,it is necessary
2first to differentiate between these two species.
Abrus cantoniensis Hance is a perennial lanceolate
shrub which is 45-60 cm in height. Its plant morphology (1)
can be described as follows: dark brown strong root
reddish brown stem scatterly covered with hispid,
yellowish-brown soft hair around young branches; compound
leaves, pinnately alternate, 8-11 pairs membraneous
leaflet, oblong in shape, 0.5-1.2 cm in length, 3-5 mm
wide, with scattered hair covering surface and closely
packed stiff hair on the bottom axiliary raceme,
compannulate calyx, short lobe; purplish-red
papilionaceous-shaped corolla, 10 or 9 stamens united
together; hairy rhomboid legceme, oblong and slender
seeds separated by septum, 3-5 in member, oblong, dark
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Fig. 2 Fig. 3
Abrus cantoniensis Hance Abrus precatorius L.
3Abrus precatorius L. has similar plant morpho-
logy(1) but the size and colour of its seeds are com-
pletely different from that of Abrus. cantoniensis
Hance. The seeds of Abrus precatorius are bright
red with dark coloured beads while those of Abrus
cantoniensis are dark in color and much smaller in
size. By this remarkable difference, the dry plant
of Abrus cantoniensis Hance which was purchased from
herbal stores and used during the whole research can
be confirmed.
(B) Phytochemistry screening:
In order that extraction can be taken in proper
sequence for the dry root of Abrus cantoniensis,
screening test is primarily adopted to detect the
possible constituents present in the sample. On
the basis of the information available in the
preliminary tests, a tentative assumption of certain
types of chemical constituents can be deduced.
However, in many cases, the preliminary tests are
not specific and can only serve as a guide for further
work. (2)
(C) Separation processes ccmbined with bioactivity tests:
Different kinds of separation methods and
chromatography were used. The extracts from each
separation step were subjected to bioactivity tests
in order to trace cut the pharmaceutical effective
comounds.
(D) Purification and structural elucidation:
IR, PMR, MS, UV and Microanalysis were used
for the identification of the structures of the
purified products. In addition, chemical reactions
were also used when necessary to confirm the





Generally phytochemical screening makes use
of the color formation from the reaction between the
metallic ion and the functional groups of the bio-
logical effective compounds (either as precipitate
or in the form of solution), the physical properties
of the phytoconstituents, and the change in color due
to change in structures of the chemicals arising
from the variation of pH values. The methods (2) used
should be simple, rapid, requiring a minimum equip-
ment, resonably specific for the class of compounds
under study, quantitative in ascertaining the lower
limit of detection and giving additional information
as to the presence or absence of specific members
of the group being evaluated.
One of the most important and foundamental
consideration in designing a phytochemical screen-
ing procedure is the selection of a proper extraction
solvent. It is often difficult to follow general
solubility rules for a given class of phytoconstitu-
ents since there are often substances of unknown
character present in the crude plant extracts that
affect the solubility(3).
6(A) Screening for Saponin(4)
Saponins are classified into triterpenoidal and
steroidal types. Triterpenoidal saponins occur both as
heterosides and free triterpenes while steroidal saponins
in general cannot be found as free sapogenins. Most of
them are capable to hemolyze red blood cells. In
aqueous media, they will produce a characteristic
honeycomb froth which usually persists for 30 min.
after vigorous shaking of the solution. They are toxic
to fish, causing paralysis of the gills. They produce
characteristic color reactions in the Liebermann-
Burchard test. Based on these properties, "Honeycomb
froth test"(4), Hemolytic test"(4) and "Liebermann-
Burchard test"(4) are commonly used for the detection
of saponin.
(B) Screening for Tannin and Polyphenol(5)
Two groups of phenolic constitutents, hydrolyzable
and condensed, comprise the tannins. Hydrolyzable tannins
are yellow-brown amorphous substances which can be
hydrolyzed by boiling with dilute acid to yield a
phenolic compound, usually a derivative of gallic acid
or ellagic acid, and a sugar. These are often referred
to as pyrogallol tannins or ellagitannins. Condensed
tannins (catechin tannins, phlobatannins) are polymers
of phenolic compounds
7related to thle flavonoids and are not very soluble in
water, and following treatment with boiling dilute
acid, red-brown insoluble polymers,brown phlobaphenes
or tannin-reds are formed.
In general, tannins are detected by "gelatin
salt block test". The precipitation of protein
(gelatin) is made more sensitive by the addition of
sodium chloride to enhance "salting out" of the
protein-tannin complex. FeCl 3 solution, which formed
colored tannin precipitate from the reaction between
ferric chloride and the phenolic function of the
tannin(8) is used for the confirmation test.
(C) Screening ror Anthraquinones(6)
As found in plant, anthraquinones are usually
carboxylated, methylated or hydroxylated. The
presence of phenolic group or carboxylate group
accounts for their acidic properties. When treated
with alkaline or methanolic Mg(OAc)2 solution(9), a
deep red color solution is formed, which is due to
the production of anthraquinone ions or chelated
compounds. By making use of these characteristics,
Borntrager" and "Modified Borntrager" tests (6 ) are
used for the screening of this type of compound.
8(D) Screening for Flavonoids and Leucoanthocyanins (2.7)
Flavonoids and leucoanthocyanins are distributed
throughout the plant kingdom in the form of aglycones
as well as heterosides. Ethanol or methanol are common
extraction solvent for flavonoids from the fresh plant
while 80% ethanol is used for the dry plant. As a general
rule, petroleum-ether which cannot dissolve flavonoids
is a good defatting agent for the sample. Cyanidin
Reaction (Fig.4)(l0,ll) for the detection of compounds
having the Y-benzopyrone nucleus is used for the screening
of flavonoids flavonones and flavanonol. For compounds
without the Y-benzopyrone, the following methods are used:
(i) Chalcone and aurones (Fig.5) are detected by the
direct addition of conc. HC1 or H2S04 to their
ethanol extract(12)0
(ii) (Fig.6) the existence of anthocyanins is tested
by extracting the plant with 17% HC1(7'12 .
(iii) leucoanthocyanins are detected by the method
used by Bate-Smith and Metecaffe(7)
(iv) catechin are detected by the reaction of the extract
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Detection of cardiac glycosides or their aglycones
in plant has been effected by means of chemical tests
applied either directly to a crude or simplified
extract, or following chromatographic separation of
the glycosides. Usually 85% or 80% ethanol appears
to be the most useful solvents for extraction(15) .
Chemical tests applied to the detection of cardiotonic
glycosides and/or aglycones are carried out by applying
Keller-Kiliani test (15) for the detection of 2-deoxy
sugars at C 3, Kedde reaction(18) for the detection of
unsaturated lactones moiety at C 17 and Liebermann-
Burchard test for the detection of steroid nucleus.
9
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(F) Screening for cyanogenic glycosides
Cyanogenic glycosides or its aglycones which
liberate HCN on hydrolysis are detected by "Guignard
test"(16) . Though the test is nonspecific since any
volatile reducing agents such as H2S, SO2 or aldehyde
will give positive test, however, these volatile



















(G) Screening for Alkaloids
Alkaloids are more or less toxic substances
which act on the central nervous system, have a
basic character, contain heterocyclic nitrogen,
and are synthesized in plants from amino acids or
their immediate derivatives. In most cases they
are of limited distribution in the plant kingdom(19) .
Alkaloids which usually occur in plants as
their water-soluble salts can be tested with one
or more standard alkaloid precipitating agents
(Mayer's reagent, Wagner's reagent and Dragen-
droff's reagent)(17). In case of the presence of
materials that are capable of giving false positive
alkaloid tests, subsequent extraction with a water-
immiscible organic solvent or salting out of these
materials by addition of powdered sodium chloride
is necessary bet ore valid results can be obtained.
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(II) Experimental
(A) Preparation of extract for phytochemical
screening:
150 g. of dried, milled, root of Abrus
cantoniensis was extracted with 450 ml. of
80% ethanol. The solvent and the plant material
were placed in a one litre Erlenmeyer flask.
The flask was then heated over a steam bath
for one hour. After cooling to room temperature,
the mixture in the flask was filtered through a
tr
Buchner funnel, 75 ml. of fresh 80% ethanol were
used to rinse the original flask and the plant
material on the Buchner funnel. -An equivalent
of 0.129 g. of plant material per ml. was obtained.
(B) Screening for phytoconstituents:
The whole experimental procedures followed
that written down in "Phytochemical Screening" (2)
25
(III) Results
(A) Screening for saponin and sterol:
Salkowski test was used for the screening
of unsaturated sterol and triterpenoid. After
the addition of H2S04, reddish brown ring was
observed. Mixing the solution gave a cherry red
color. This indicated the presence of unsaturated
sterol or triterpenoid.
In order to confirm what kind of compound
is present, L-B test was performed. A small
reddish brown ring appeared in the yellow
solution immediately after the addition of
acidic anhydride and conc. H2SO4. The
solution became much deeper in color (deep
orange) after 5 minutes. No apparent change
was observed in the next 15 to 30 minutes.
This indicated the presence of triterpenoid.
One cm. high honeycomb froth which persisted
for one whole day was observed. Hemolyzing of
red blood cell was found to take place.. All
these were the evidences for the existence
of saponin.
(B) Screening for Tannin and Polyphenol:
The following results were obtained. (a)
Precipitation with gelatin solution occured and
16
the precipitate was light yellow in color. (b)
Precipitation with gelatin-salt reagent occured and
again the precipitate was light yellow in color. (c)
Reaction with ferric chloride solution gave a greenish
black color. All these results were indicative for
the presence of tannins of catechol type.
(C) Screening for anthraquinones :
Both the Borntrager test and the modified Borntrager
test gave positive results. The solution changed to
deep red color after the addition of alkaline solution
or methanolic Mg(OAc)2 solution. This indicated the
presence of anthraquinones.
(D) Screening for Flavones and Leucoanthocyanins:
(a) Cyanidin test: No color change after the addition
of Mg turnings was observed. This negative result
showed the absence of flavones, flavonols and
flavanones.
(b) Direct addition of HCL has no apparent effect to
the solution. This indicated the absence of
chalcones and aurones.
(c) Test for Leucoanthocyanins: No red color was
observed for the heated conc. HC1 - ethanol
extract. When treated with 2N HO1 in n-propanol,
a purple colored solution was seen. Since a
17
negative result was obtained for the conc.
HCl-ethanol extract, therefore there was not
enough evidence for confirming the existence
of leucoanthocyanins.
(E) Screening for Cardinolides and Bufadienolides:
(a) Keede reaction: Neither purple colored spot nor
purple ring was found on the chromatographic
paper. This indicated the absence of unasturated
lactone.
(b) Keller-Killiani test: A dark purple ring at the
interphase was observed. This indicated the pres-
ence of 2-deoxy sugars.
The result from (a) together with the absence of
blue-green color solution formed from the L-B
test confirmed. the absence of cardenolides and
bufad ienol ides .
(F) Screening for Cyanoglycoside:
Guignard test was used for the screening of
cyanoglycoside. No change in color on the sodium
picrate paper showed the absence of HCN which was
supposed to be formed by hydrolysis of cyanogly-
coside. Therefore there is no cyanogenic glycoside
inside the root of Abrus catoniensis.
18
(G) Screening for Alkaloids:
Mayer' s reage, 1t was used for the preliminary
alkaloid test. Heavy flocculation corresponding to
( +++ ) result occured. The extract was then treated
with 28% NH4OH, CHC13 and 2N HC1. This time no
turbidity and no precipitation was observed within
5 minutes after the addition of Mayer' s reagent.
Therefore a false-positive alkaloid reaction was
obtained and this indicated the absence of alkaloids.
19
(IV) Conclusion:
From the results of phytochemistry screening,
triterpenoid saponins, anthraquinones and tannins were
found in the dried root of Abrus cantoniensis Hance.
Though negative results for the tests of
other biological active compounds (alkaloids, flavones
etc.) were obtained, it cannot be concluded that they
were completely absent. The highly colored extract
solution may mask the color change in some of the tests.
Other constituents in the plant may interfere with the
result of the test so that negative results -lNere obtained.
Positive test results are usually clear cut but the
negative results must be treated with reservation.
As a matter of fact, phytochemistry screening can only




Introduction to Anthraquinones & Triterpenoids
I. Biongenesis:
The constituents of all plants and animals are
biosynthesized in organism by enzymatic reactions. The
major source of carbon is usually glucose, which is
photosynthesized in green plants (autotropic organisms)
or obtained from the environment in heterotropic
organisms. The biogenetic pathways and the general
relationship between primary metabolites, secondary
metabolites, and interlinking precursors is summarized
in figure 8(20).
The main building blocks for carbon and nitrogen
atoms in all natural products are confined to the
following:
1). acetyl-CoA polyketides
-C2 unit (MeCO) (acetoenins)malonly-CoA
C6C-C3 (C6-C1, or2). shikimic acid
phenolicsC6-C2)units (phenylpro-
panoids)amino acid
3). Mevalonic acid ----- prenyl unit ----- isoprenoids
4). Amino acid units such as phenylalanine, tryosine,
ornithine, lysine, and tryptophan ----- alkaloids
































Natural products are formed either solely from units
1, 2 or 3 or the combination of these units. Certain
natural products, which are generally regarded as
secondary metabolites are wholly or partly derived from
primary metabolites. Theophiline, xanthine, caffeine
are the typical examples.
Although the total number of natural products for
which biosynthetic studies have been carried out is
quite limited compared with the number and diversity of
natural products, the accumulation of knowledge in this
field makes it possible to predict the gross biogenetic
origin of practically all natural products. Consequently
the biogenetic classification of natural products is a
practical and convenient scheme, and has had considerable













They exist in plant as hydroxylated, metnylatea or
carboxylated derivatives. Hydroxylated anthraquinones often
occur as heterosides linked with various sugars through one
of the hydroxyl groups (0-heterosides). Other types of
anthraquinons heterosides are represented as C-heterosides
in which the sugar and aglycone are linked by a carbon to
carbon bond. The di-, or tri-hydroxylated or alkylated
derivatives which have substitutents on both benzo ring
are usually pharmaceutical effective components in chinese
herbs. Those which have all the substituents on one benzo
ring have weaker biological activities and have a widespread
use as dyes.
Anthranol, anthrone, oxanthr anol are the reduction
products of anthraquinone. They can be easily oxidized









Diathrones are formed by the dimerization of




Naphthodianthrones are photodynamically active
color compounds. Hypericun that has been isolated
form Hypericum erectum 7nunb(22) is a typical example.
It is a dark-blue crystal, melts at 3200C, soluble in
pyridine and other amino compounds giving reddish-orange










Polyketomethylene theory" for the phenolic compound
was the first suggestion of acetogenin (polyketide)
biosynthesis . (24)
Due to the lack of experimental verification,
this "theory" is not widely accepted. Recent developments
have clarified the biosynthesis of a number of primary and
26
secondary metabolites. Among them, there are two important
pathways. The acetate-malonate pathway is quite widespread
in mold metabolism and varieties of carboaromatic. The
main building materials are one acetyl and a number of
malonyl units. Anthraquinones are then formed by the
incorporation of acetyl-Co-A and malonyl-Co-A into fatty
acids by reconstructed enzyme systems. The whole scheme

























Hypothetical reactions for the yeilding of anthraquinones
may be represented as follows:
(26)
Fig. 14
The most important pathway for the biosynthesis of
phenolic compounds in higher plants is the skimic acid
pathway.
(27)





























Oxidative modification of molecular framework is frequently
observed with the formation of quinonoids. In the above
examples, alizarin and purpurin are derived from the
shikimate pathway while emodine and endocrocin are
derived from the acetate-malonate pathway. Although
rich sources for those derived from acetate-malonate
are the lower fungi, compounds from the same precursors
also appear in higher plants. On the other hand shikimate-
derived quinoner have rarely been isolated from lower
fungi, in contrast to their frequent occurrence in the
Rasidiomvicetes and higher plants.
C). Properties
Anthraquinones are either yellow or orange color
crystals. They have definite m.p. and dissolve in most
of the organic solvents. Due to the presence of acidic
phenolic groups, hydroxyanthraquinones readily dissolve
in alkaline solution (NaOH or KOH) giving red or violet
color. The formation of sodium or potassium salt is
29
responsible for the color change.
The number of substituted -OH groups and their position
of substitution greatly affect the acidity. Compounds
with P-OH groups are stronger acid than those with d-OH
groups. In general (P-OH anthraquinones are soluble in
Na2CO3 solution and react with CH2N2 giving the
corresponding methyl ester. As a result of in-
tramolecular hydrogen bonding between the d-OH and
the carbonyl group (as shown in figure (17) ), d-OH
hydroxyanthraquinones are weaker in acidity and so the
solubility in Na2CO3 is very low.








Therefore increase in the number of a-OH does not have
great effect to the acidity of the compound. On the
other hand, increase in the number of B -0H and the
carboxyl groups will increase the acidity and some times
the effect is so great that the highly substituted
compound can dissolve in NaHCO 3 readily. Making use
of these properties, various kinds of hydroxyanthraquinones
and their derivaties can be separated by using solutions with
different basicity.
The solubility of anthraquinones in organic solvent
decreases when the acidity of the compound increases.
Their O-glycoside is soluble in water and alcohol but
insoluble in most of the organic solvents. In contrast
to the 0-glycoside, the C-glycoside is almost insoluble
in water, butanol and ethyl acetate but soluble in
pyridine. Most of the glycosides unlike their aglycone
is very hard to crystallize and difficult to be purified.
Sublimation can be used as a means to separate
hydroxyquinones since some of them sublime under atmospheric
pressure without dissociation or structure variation.
Anthrone and anthranol cannot be separated in this way
because they may be oxidized during the sublimation
process.
Color reactions are usually used as phytochemistry
screening of by droxyanthranquinones. Some of the
screening methods are listed below.
31
a). Borntrager reaction:
Formation of salt wiz' en hydroxya nthraquinone
is mixed with basic solution changes the yellow solution
to red or violet. This change in color of the solution















oL-hydroxylated anthraquinons will co-ordinate with
ethanolic Mg(OAc)2 giving the corresponding characteristic
color. In general, reddish pink or orange red color
complex is formed by compound having two hydroxyl groups
which are either substituted in the 1, 8 or 1, 5 positions,
while reddish violet color solution indicates the presence
of compounds prossesing two hydroxy groups which are
substituted in the 1,4 or 8,5 positions. In addition,
a purple solution may be resulted from the co-ordination
of Mg with compounds having one d-OH and one B-OH groups
situated on the same benzyl ring.
c). p-Dimethylamino nitrosobenzene(29)
Anthrone which is unsubstituted at C-9 or C-10,
esp. 1,8 dihydroxy anthrone, condenses with p-Dimethylamino
nitrosobenzene. The color of the condensation product depends
on the position of the carbonyl group. Formation of
reddish violet color indicates that the nitrosobenzene
is attached to anthrone at C-9 position while green or
blue color shows that C-10 is the position of














Hydroxyanthraquinone absorbs in both the UV and
the visible region. Usually there are three absorp-
tion maxima (230 nm., 250 nm. and 270 nm.) in the
UV region. and one or two absorption maxima appeared
near 400 nm. in the visible reion. According to the
studies of Morton (30), the benzo group" C6H
COR
gives rise to the absorption maximum at 252 nm. and







" carbonyl group absorbs
at the region between 26O-270 nm. The log& value of
the absorption maxima at 260-270 nm. varies with the
position of subsitution. In general small log& value
corresponds to d-subsituted anthraquinones and the
log& value increases with the increasing number of
B-substituted groups.
Birkinshow and his co-worker(31) dealt with the
absorption maxima near the visible region. They
found that absorption near 350 nm. was affected by
3-OH groups and the effect of d-OH groups could
only be found in the longer wavelength region. The
shift of absorption maxima due to the substituted groups




max of Hydroxyanthraquinones in







33HOH 529, 516, 495, 483 (cyclohexane)OHOH
34OHOHOH 563, 548, 524, 513, 490 (cyclohexane)OH
The absorption max. situated around 250 rim is a great
help to trace out the position of hydroxyl groups (35). Its
relationship with the position of substitution is shown in
Table (II)
Relationship between the max. around
250 rim the position of substitutionTable (II
max. nmPosition of subsNo. of hydroxyl groups
222.51-; 2-; .....1
1,2-; 1,- 1,5- .... 225
1,2,8-; 1,4,8-;1,2,6-;1,2,6-; 1,2,7-





The intensity of the most intense peak near 270 nm
is closely related to the position of hydroxy substitution
B-OH subsitution will result in an. absorption whose loge
value is greater than 4.1. In the other way round, a
small logE value (smaller than 4.1.) corresponds to the
absence of B-OH group. 1,4 disubstituted hydroxyanth-
raauinones absorb at longer wavelength (longer than 480 nm)
b). IR spect.
d-OH subsituted anthraquinones, due to the intramole-
cular hydrogen bonding between the d-OH and the carbonyl
groups (Fig. 21) gives IR spectrum whose characteristic
-OH band and C=O band are shifted to longer wavelength.
Flett(36) has investigated the bathochromic displacement
of the C=O band and his result can be summarized in Table
(III)
HH HH O OH O
O O O

























is approximately equal to 40 cm-1. Esterification
C=O
or ether formation of the d-OH leads to the breakage of the
intramolecular bond and thus causes to shift back to
C=O
the normal wavelength.
Free hydroxyl group shows characteristic absorption
peak OH at 3730-3500 cm-l. According to the study of
Hoyer(37), OH of d-OH is shifted to longer wavelength
and the results are tabulated in Table (IV)




3058 (app.)1,2 dihvdroxy 3509
305835711,3 dihyaroxy
c). Mass Spect:(38)
The molecular ion [M]+ which is rather stable because
of its highly aromatic system is usually the base peak.
Successive loss of 2 molecules of CO producing [M-28]+ and






Substituents on anthraqulnone will lead -co -Me i ormation








E). Chromatography (TLC & Column Chromatography) (39)
The most common adsorption media used for TLC and
column chromatography of hydroxyanthraquinone is silica
gel. Alumina is not suitable for this purpose because
of its strong adsorption towards hydroxyanthraquinone.
Though Polyamids and Sephadex are often used in column
chromatography for the separation of anthraglycosides and
aglycones, they are seldomly used in TLC.
Developing solvent used in chromatography of
anthraglycosides and aglycones is a mixture of solvents
containing either H2O or McOH. This does not only increase
the polarity of the developing solvent and enhance the
elution power but also increase the solubility of the
glycoside or aglycone. Therefore, solvent free from
H2O or MeOH are only suitable for the separation of less
polar aglycones. The solvent system ethyl acetate
MeOH : H2O (100:16.5:13.5 or similar portion) and
n-butanol : ethyl acetate : H2O are the most commonly used
developing solvents. The former one is suitable for the
separation of anthraglycosides and their aglycones while
the latter is used to separate dianthrones.
40
Anthraquinone and its glycoside show yellow spot on
the TLC plate under sunlight. When irradiated with UV light,
yellow, orange or red fluoresence spot appears. In co-operation
with the UV light, spraying agents are used to deepen or change
the color of the spot on the TLC plate so as to classify the
anthraquinones. Some of the examples are given in Table (V)
and the most commonly used spraying agents are listed below:
Spraying Agents:
1. ammonia
2. 10% methanolic KOH
3. 3% NaOH or Na2CO3 solution
4. 50% benzyl piperidine solution
5. saturated Ba(OH)2 solution
6. 0.5% methanolic Al(OAc)3 solution
7. 0.5% methanolic Mg(OAc)2 solution
8. Flast blue B salt reagent
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Color of the spots of Quinonoids on TLC plate
KOH NH3
100°C UVUV 365 nm UV VisibleVisibleVisibleName of compd. (5 min)
anthraquione violetredredredredyellow(aglycone)









Five different carbon skeletons of triterpenoids
are known. They are all constructed from five isoprene
units which are joined in a head to tail manner. Mostly
they are distributed in the plant kingdom either in the
free state or as ester or glycosides, but a few of them
have been found in the animal kingdom.
All the triterpenoids originate biologically from
squalene, Ruzika(40) (41) (42) was able to rationalize
the biogenesis of this group of compounds and developed
the basic concept of triterpenoid synthesis (biogenetic
isoprene rule). Cyclization of squalene occurs in six
pathways. they are:
(1) Cyclization of squalene epoxide in the chair-boat-
(43) (44)chair-boat sequence
(2) Cyclization of squalene epoxide in the chair-chair-
chair-boat sequence (45) (46)
(3) Cyclization of squalene in the chair-chair-chair-
chair-chair sequence (47) (48)
(4) Cyclization of squalene in the chair-chair-chair-
chair-boat sequence (49)
(5) Cyclization of squalene in the chair-boat-chair-
chair-boat sequence (50)
(6) Cyclization of squalene simultaneously from both
ends(51a,5lb,51c) , The whole rule is summarized
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(A) Pentacyclic triterpenoid :
A group of pentacyclic triterpenes (Fig. 24) (26)
including taraxerol (IV) multiflorenol (VII),
glutinol (VIII) and friedelin undergo a remarkable
backbone rearrangement in the presence of acids
leading to compounds with oleanane skeleton (I - III).
The directions of the stereospecific 1, 2-hydride
shifts in the rearrangements are almost exactly
the reverse of those postulated for their biogentic
pathway, which involves 1, 2-hydride shift and/or
methyl migrations starting from the cation (XII)
via the ions (XIII - XVII)
3-Amyrin, d-Amyrin and Betulin are the three
main classes of pentacyclic triterpenoids existing
in Chinese herbs. Examples of each of the group














Name C=C -OH -COOH





Erythrodiol (52c) 12 3B 28-CH2OH
Gypsogenin (52e) 12 3B 28 23-C
0
H







3B 28 23-C 0H
Sophoraiol (52h) 12 3B,22B












































Betulin (53f) 20 (29) 3B 28-CH2OH
Betullinic
acid (53g) 20 (29) 3B 28
Lupeol (53h) 20 (29) 3B
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(B) General Properties:
Triterpenes are classified. into neutral and acidic
triterpenes. They are colorless or white crystals and
soluble in most of the organic solvents. Sometimes the
acidic triterpenes whose -COOH groups are often situated
at C28 or C24 are found inside the plant in the form of
potassium or magnesium salt. Most of the triterpenes
possess a C3 hydroxyl group which usually links with
saccharides giving the corresponding saponin.
Triterpenoid saponins coexist with free triterpenes
in the plant. Due to their large molecular weights, almost
all of them are white powders and have no definite melting
point. The solubility depends on the number of sugar
molecules attached to the aglycone unit. As a whole,
they are soluble in water, methanol propanol and butanol
but insoluble in other organic solvents and non-polar
solvents. Making use of these properties, butanol or
propanol is used to separate saponin from other
saccharides and proteins. In addition, precipitation
of saponin from the aqueous solution by metallic salts,
(Pb, Cu, etc.) is another useful separation method.
Hydrolysis of saponin gives the corresponding aglycone
which can be extracted by ether or chloroform.
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Triterpenoid saponins are toxic to fish and hemolyze
red-blood cell. In aqueous media, after vigorous shacring, they
produce a characteristic honeycomb froth, The froth formed
from neutral triterpenoid saponin is more stable and
persists for a longer period of time in basic solution than
that formed from acidic triterpenoid saponin. Besides
making use of the above properties, color reactions,
Liebermann-Burchard reaction(54), Kahlenbery reaction(55)
Salkowski reaction(55), Tschugeff reaction (55) are used
for the screening of triterpenes or triterpenoid saponins.
(C) IR Spect
The studies of IR spectra of triterpenes by C. Snatzke
et al(56) concentrated on the 1400cm-1 to 1200cm-1 region.
They divided the region into two spectral ranges A and B
('A' between 1392-1355 cm-1 and 'B' between 1330-1245 cm-1)
(Fig. 25). By comparison of the IR spectra of a number of
triterpenes in these two spectral ranges, bands character-
istic of oleanolic and ursolic acid derivatives were identified
The former have two bands (1392-1397 and 1370-1355 cm-1)
in the 'A' and three with increasing intensity (1330-1315,
1306-1299 and 1267-1250 cm-1) in the 'B' region the later
have in every region three bands (1392-1386, 1383-1370,
1364-1359 cm-1 and with increasing intensity 1312-1308,
1276-1270, 1250-1245 cm-1) .
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Tetracyclic triterpenic acids or their esters show only
one strong absorption in these two ranges. Acids which do
not belong to the types mentioned above have their intensive
bands outside the described limit. In the case of neutral
triterpenes, the characteristic absorptions of the 'B'
range are missing and assignments based merely on the



















Reports involving nuclear magnetic resonance studies,
of pentacyclic triterpenes have been confined to lupane(57)
hopane (58) betulin(59) and oleanane derivatives(60). The
investigation involved determining the spectra of the
compounds differing in nature or placement of a functional
group and examining the shift of methyl peaks in such
derivatives.
According to the studies of Maurich Shamma et. al.,(61)
using a 40 MHz NMR spectrometer, the characteristic of the
NMR spectra of pentacyclic triterpenes can be summarized as
follows (8 values are used):
(1) Methyl esters and acetoxyl groups give sharp
absorptions. Angular methyl groups also give
well defined absorptions.
(2) Vinylic protons, protons alpha to hydroxyl or
acetoxyl groups and methylene protons were found
to have low and diffused absorption. The vinylic
protons give a broad absorption with
a peak at 5.11. An even broader absorption is
that of the proton alpha to the acetoxyl group
centered at 4.41 and 23 Hz broad.
(3) Vinylic methyl peaks usually appear between
1.63 and 1.80 and are sharp and well defined.
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(4) The proton of the normal trisubstituted double
bond in the ursane and oleanane series absorbs
in the region between 4.93 and 5.50. This
absorption is broad and its centre is poorly
defined. If a vinyl double bond is present,
the vinyl protons absorb at higher field.
(around 4.30 to 5.87).
(5) If a C--28 carbomethoxyl function is present,
the highest C-methyl absorption peak appears
upfield from 0.78. The absorption of a C-28
methyl ester belonging to the oleanane or
ursane group is usually upfield from 3.60
while the carbomethoxy located in other
positions such as at C-24 or at C-30 absorb
further downfield in the region from 3.60 to 3.65
Since not all known pentacyclic triterpenes
had been investigated, so extrapolation of this
rule to other triterpenes should be used with
caution.
(6) Acetoxyl protons give the sharpest absorption
of any function in the triterpene series.
This absorption usually appears between 1.82
and 2.07.
(7) The absorption of protons alpha to ace-toxyl
groups usually appears as a broad hump. The
axial C-3 proton of an acetylated triterpene
absorbs between 4.00 to 4.75. The corresponding
equatorial protons absorb at lower field at
5.00 to 5.48 and do not exhibit as broad an
absorption as the axial proton. If a strong
1-3 interaction is present between an axial
proton and an angular methyl group, that
axial proton will absorb at lower field (62)
(8) The protons alpha to an acetylated 1,2-glycol
appeat at much lower field than the protons
alpha to isolated acetoxyl groups and give
sharper peaks.
The eight angular methyl signals in the NMR spectra
of the olean-l2-enes have great use for the structural
studies. Using deuterated derivatives of the olean-12--ene
hydrocarbons, Karlier and Djerassi( 3) were able to assign
all the methyl groups of olean-12-ene and their results are
summarized in Table (IX).
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values of the 8 angular methyl groups
of Olean-12-ene
methyl groups C27 C25 C24 C23,C29,C30 C26, C28
values 1.12 0.97 0.93 0.87 0.83
Table (IX)
The changes in methyl chemical shifts which accompany
the introduction of a hydroxyl group at various position
in olean-12-ene and the effect of their acetylation have
been widely studied by Tursch et al.(64) and Cheung et
al. (65) and Sho Ito et al.(66) Their results are tabulated
in Table-X.
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23 24 25 26 27 28 29 30
0.99 0.79 0.94 0.97 1.13 0.83 0.87 0.87
-0.13 0.07 0.02 -0.01 0 0 -0.01 -0.01
0.03 0.03 0.03 -0.01 -0.01 CO2Me -0.02 -0.02
0.04 0.04 0.13 -0.01 -0.01 CO2Me -0.02 -0.02
0.22 0.03 0.02 0 CO2Me 0 0
0.18 0.26 0.03 0 CO2Me 0 0
0.31 0.19 0.03 0.03 0.01 CH2OH -0.01 -0.01
0.08 0.21 0.12 0.12 0.03 CH2OAc 0.01 0.01
0 0.01 0 0.05 0.11 (-0.03) (0.26) CO2Me
0.01 0.03 0.04 0.13 0.08 (-0.04) (0.27) CO2Me
0 0 -0.03 -0.03 0.17 CH2OH 0.05 0.05
-0.01 -0.01 0.01 -0.04 0.11 CH2OAc 0.05 0.05
0 0 -0.01 0.05 0.03 CH2OH 0.03 0.03
-0.01 -0.01 0 0.05 0.10 CH2OAc 0.03 0.03





























































































































(E) Mass spect. (Pentacyclic triterpenoids)
An important survey on the fragmentation of
pentacyclic triterpenoids has been given by Budzikiewiez(67)'
Compounds belonging to the d and B-amyrin series are shown
to exhibit characteristic M.S. features. They have also
been discussed by Djerassi(68), Wunche(69), and on the
basis of deuterium labeling studies, by Karliner(70)'
Detailed studies have also been made on friedelane
derivatives (Courtney et. al. (71) Shannon et. al.(72)),
serratene derivatives (Kutruy et. al.(73)),triterpenoid
dehydration products (Elgamal et. al.(74)), lanostane
derivatives with a 9, 19 cyclopropane ring (Audier
et. al.(75), Aplin et. al.(76)), dammarane derivatives
(Dzizenko et. al.(77)) cucurbitacins (Audier et. al. 78)
gedunin derivatives (Baldwin et. al.(79)), and degraded
iterids from simarubacene (Fourrey et. al.(80)).
In spite of the relative complexity and structural
diversity of triterpenoids, mass spectrometry offers a
tool both for skeletal assignment and for recognition
and location of functional groups.
57
(a) Olean-12--ene and Urs-12-ene Derivatives:
Oleanene and ursene derivatives having a 12-13 double
bond undergo a very characteristic retro-Diels-Alder (RDA)
cleavage of ring C with formation of a diene ion, comprising







59m/e 470R1 =CH3 R2=H
m/e 203m/e 470R9=CH3R1=H
Fig. 26
Deuteration studies of olean-l2-ene and urs-12-ene
and observations of appropriate shifts on substitutions
in a, large number of representatives support this
formulation. The RDA fragment suffers furthur decomposition.
An oxygenated substituent.at C-17 is more readily eliminated
than one at C-19 or C-20 and all these reactions are more
favored than the loss of a methyl radical. The RDA product
or ions derived from it, loss water or acetic acid when
hydroxyl or acetoxyl groups are present.
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Although the main reaction is virtually uninfluenced
by introduction of an additional double bond, an oxo group
clbse to the 12, 13 double bond sometimes has a great
effect (67),(68),(69). An oxo group at C-11 does not
suppress the RDA fragmentation in compound (a), but
triggers the genesis of a more abundant, ion (b). In.
contrast, oxo group at C-15 completely inhibits the RDA
















(b) Bauerene, Fernene, and Related Compounds:
The arrangement of methyl groups at C-13 and C-14
( compounds (d) & (e) ) is associated with an enhance
steric strain, which seems to have a governing influence
on the fragmentation of these compounds. The most impcr-
tant cleavage reactions are summarized in Fig. 28. The
position of double bond 7,8
9,10 is of minor impor-






















Cleavage path a, which furnishes a species comprising
rings D and E is more favored in the mult if lorene than in
the bauerene series. This is probably due to the steric
influence exerted by the methyl group at C-19 in the
baueren.e series,
The fragment formed in cleavage path b seems to be
more abundant in representatives having 7, 8 double bond
than in those with a 8, 9 double bond.
The fragmentation of fernene (f) and a.rborene (g)
derivatives is in several respects similar to that of
the bauerenes and multiflorenes. Thus cleavage path d,
which is diagncstic for 9 11 or 8, 9 compounds,
dominates,whereas cleavage paths a,b and c are less




(c) Hopane and Lupane Derivatives
The main fragmentation reactions observed in most
hopane and lupa.ne derivatives can be rationalized by
cleavage paths a and b through ring C.
Lupane Hopane
m/e 412 m/e 412
H2C H2C




The diagnostically important ions of type (h) and (j)
are derived from different parts of molecule and consequently
may allow location of functional groups. Elimination of the
isopropyl group in ring E is usually pronounced in deriv-
atives having few substituents. Lupenone and several other
related derivatives yield, in addition to the principal
fragments (h) and (j), ions (k) and (m), which are of












The crude extract was obtained by the regurgitation
of the plant material with methanol in Soxhlet
apparatus. This separation plan was based on that
used by Shibata in the separation of Bapleurum
falcarum L. (Sai ko)(81). The whole pathway (pathway








(1) dissolve in water















(1) hydrolyzed with 2N H2SO4
(2) extract with diethyl ether
diethyl etherwater soluble
extractA4
5% NaHCO3 aqueous soln.
ether portionNaHCO3 soln.
N3 5% Na2CO3
Na2CO3 soln.ether portionsimilar to N1
N2
5% KOHA5 similar to N1
A6KOH soln. A7
N1
(1) back wash(1) acidified with
with waterHCl (PH=2)
(2) silica gel(2) extract with column









In order to simplify the separation processes and also
to make the structural elucidation easier, hydrolysis of
A3 was carried out . NaHC03 , Na2CO3 and KOH soluion were
used to separate the hydroxyanthraquinones and acidic
sapogenins from the neutral aglycones. Neutral aglycones
Ti and T2 were obtained from the ether portion A7 by
column chromatography. The KOH portion A8 was subjected












(II) Results and Discussions
Four compounds were isolated from the KOH portion A8
of the methanolic extract of the root of Abrus cantoniensis
Hance (fig.32, 33, 34) by pathway (i). As shown in fig-33 and
34, A9, T 3 and T4 were obtained by chromatographic separation
of A8 over a silica gel column with gradient elution by
increasing concentration of ethyl acetate in pet-ether
(b.p. 40-60°C). The crude crystal A9 was found to contain two
compounds Hl and H2 which were separated by preparative thin
layer chromatography on 0.25mm silica gel plates with
developing solvent pet-ether (b.p. 40--60°C): ethyl acetate
(7:3). The compound H1 with larger Rf.value (0.67) was
identified to be chrysophanol while the other H2 with lower
Rf value (0.62) was physicon.
The two minor components T3 and T4, from TLC studies,
IR, PMR and MS spectra, were found to be identical to Ti
and T2 which were obtained by chromatographic separation
of the ether fraction A7 over a silica gel column with
gradient elution by increasing concentration of CHC13 in
benzene and then acetone in CHC13. With the help of the
extra data from the acetate derivatives, T1 and T2 were
identified to be sophoradiol and soyasapogenol B
respectively. The structural elucidation of Hl, H2, T1 and
T2 together with the interpretation of their spectra. are
discussed in the following sections.
Due to intramolecular hydrogen bonding between the
a-OH and the carbonyl group, H1 and H2 are weaker in
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acidity and were mostly found inside the extracts from
more basic solutions. As can be seen in fig.35, the
yellow spot at Rf value 0.54 corresponding to H1 and H2
was completely absent in the NaHCO 3 extract A5.
T1 and T2 were the two major fractions in the neutral
ether portion A7. Minor amounts of them were also found in
the KOH portion A8. The presence of hydroxyanthraquinones
and other materials, possibly acting as emulsifying agents,
may enhance the solubility of T1 and T2 in the KOH solution.
Also, T1 and T2 were left inside the KOH solution because
of the incomplete separation of the ether layer from the






















The yellow crystal Hl was dissolved in NaOH to corm
a red color solution. When this alkaline solution was
treated with H01, the color of the solution changed
back to yellow again. This change in color due to
shifting between (a) and (b)(82) was an priliminary










The presence of the a-OH was indicated by the
methanolic Mg(OAc)2 (28) reaction. The formation of
chelated compound (c)(fig.38) changed the solution








Results from the microanalysis led to ine deduction
of the molecular formula C15H1004 (mol. wt. 254). The
experimental values and the calculated data are listed
in Table XI.





Comparing the melting point of H1 (194°-196°C) with





Furthur informations were obtained from the spectrai
data (UV, IR, PMR, MS) for the structural elucidation of
Hl. The spectra and Cher interpretation are listed
below:
(1) UV and Visible Spect. (fig. 39)
Absorption bands appeared at 226, 257) 279, 289 and
433 nm. Their intensities (logE) were calculated from







max.& 1ogE of Cnrysopnanol
Table XII
The absorption bands at 226 and 257 nm arose from
COR(30) According tothe benzenoid chromophore (C6H4
the study of Tetsutaro Ikeda et al(35), the absorption
maxima at 226 nm indicates the presence of two hydroxyl
groups.
The quinonoid chromophore absorption bands appeared at
279 and 289 nm. Presence of a-OH group(s) led to the
formation of intramolecular hydrogen bonding (fig.40 )
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which should weaken the quinonoid character of the
compound.(31) As a result, the intensities of these
absorption should be. less than that of p-OH substituted
anthraquinones. In general, as concluded by Birkinshaw,(31)
the loge values for a-OH substituted compounds are less
than 4.1 and this conclusion is in good agreement with
my result.
Fig.40
(2) IR Spect. (fig.41)
The absorption maxima and their interpretation are
shown in Table XIII. The position of the hydroxyl groups
can be easily deduced from the IR spectrum. Absence of
the OH stretching vibration (around 3600 cm-1) indicated
that the two hydroxyl groups must be strongly hydrogen
bonded. Two absorption bands for the carbonyl group
were obtained. One absorbed at the normal region 168000
cm-1 while the other was shifted to 1631.2 cm-1. This






















hydrogen bonded C=O stretching
1,2,3 trisubstituted & (in-plane)
1 adjacent H & (out of plane)
trisubstituted & (out of plane)
3 adacent H on the same aromatio












&-bonding deformation (s)-strong intensity
(m)-medium intensity
Table XIII
weakening of the C=O bond by intramolecular hydroger
bonding. These two C=O absorption bands indicated the
presence of two types of C=O (one free from hydrogen
bonding and one hydrogen bonded) in the compound.
Pherefore the compound Hl must be 1,8 dihydroxy substit-
uted.
The data from the finger print region (1000-650 cm-1
gave information about the position of substitution-
From Table XIII, the simple conclusion drawn for the
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Fig. 41
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structure of H1 was a 1,3,d-trisubstltutea aninraqulnone
with two hydroxyl groups substituted at position 1 & 8.











The assignments of the PMR peaks are shown in Table
XIV. The resonance of the aromatic proton situated at
position. 4(4-H) was assigned to be in lower field than
2-H, because 4-H was located in the deshielding region
(85) The PMR at theof the carbonyl group (10- C=0).
region 7.26 - 8.26 appeared to be an ABC system (fig.
42) which was properly formed by the three protons
(5-H, 6-H, 7-H) at ring C. Judging from all these data
and the result from the IR spect., the CH3 group (2.45
s)) must be situated at the 3 position. The presence
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PMR Spectrum of Chrysophanol
Fig. 42
3 8 1 6 5 4 3 2 1 ppm
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of d-OH substitution and intramolecular hydrogen bonding
were once again proved by the exceptional downfield
resonance of the hydroxyl protons H' and H.
Based on the results from base reaction, methanolic
Mg(OAc)2, microanalysis, melting point, UV spect., Hl
was most probably chrysophanol (3-methyl,l,8-dihydroxyl-
anthraquinone)(fig.36).
(4) Mass Spect.(fig.43)
The conclusion that Hl was chrysophanol is supported
by the mass spectrum. Typical loss of CO and *CHO were
found and most of the peaks could be deduced by treating
Hi as chrysophanol (shown in fig.44, 45, 46). Since
chrysophanol was a highly conjugated system and therefore
the most intense peak (base peak 100%) was the parent
peak itself. Other fragmentations were only found in
relatively low intensities.
The melting point of the mixture of Hl and chrysophanol
(obtained from Fluka Ccmp.) was (194°-196°C) and there-
fore, H, was confirmed to be chry sophanol .
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Similar to Hl, additon of base and metahanolic
Mg(OAc)2 to H2 changed the solution from yellow to red.
Thus H2 was a a-OH substituted anthraquinone.
The results of Hl and H2 from thin layer chromato-
graphy(39) (0.25 mm silica gel plate) are listed in
Table XV. The elution solvent system used was pet-ether
(b.p. 40-60°C) : ethyl acetate (7:3)
colorcolor (NH3 vapor)(sun light)Rfcompd.
red spotellow spot0.67H1
red spotyellow spot0.62H2
Rf values the color of the Spots
Table (XV) of Chrysophanol (Hl) & Physicon (H2)
O
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The smaller Rf value of H2 inaicazea Znaz H2 was more
polar than chrysophanol. When other developing solvent
systems were used (mixture of CHC13 and MeCH), only
one spot was observed for the thin layer chromatograph
of a mixture of H1 and H2.
The melting point of H2 (208°-209°C) was comparable
to that of physicon (lit. 206°-2070C(86), 209°-2100C(87))
Due to the small yield of H2 (0.4 mg), only the UV
spectrum. and the MS were investigated. Inspite of this
limited amount of spectra obtained, all the data pointed
to the conclusion that H2 was consistent with the proper-
ties of physicon. The spectra and their interpretation
are discussed in the following sections.
(1) UV and Visible Spect. (f ig. 48)
The results are tabulated in Table XVI. Similar to
H1, the 225 and 255 nm bands were responsible for the
benzenoid chromophore, the 267 and 289 nm bands corres-
ponded to the quinonoid chromophore and the 437 nm band
arose from the carbonyl chromophore.
The 225 nm absorption band corresponded to the two
a-hydroxyl groups. The 267. and 289 nm maxima owe their
appearance to the -C=C- link in the quinonoid chromophore.
Unlike chrysophanol, these two bands were of much higher
intensities (greater than 4.1)(31). This increase in
intensity was mainly due to the presence of B-OCH3 group
in H2 which had some degree of strengthening of the
quincnoid character. (31)
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max. & LogE of PhysiconTable (XVI)






Relative intensities of M+, [M+]+Table (XVII
&[M+2]+ of Physicon
The mass spectrum showed the molecular ion M+ at
m/e 284 (100%). The relative intensities of the [M+1]+
and the [M+2]+ peaks together with that of the calculated
values which were found by assuming the molecular formula
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to be C16H1205 are listed in Table XVII. Lost of CH3
and CH 2 0 for the formation of peaks at m/e 269 and
m/e 254 were most probably formed by the fragmentation
of the OCH3 group.
Since there are two hydroxy, two ketonic and one
ethereal groups in physicon H2, the molecular ion might
be formed by the removal of one electron from any one
of these five oxygen atoms thus giving rise to three
types of possible fragmentation pathyways namely A, B & C.
The three pathways are shown in fig.50.
In pathway A, successive loss of two molecules
carbon monoxide and one molecule formaldehyde led to
the formation of the ion (m/e 198). The rest of the
fragmentations were identical to scheme A of chrysophanol
fig.45.
In pathway B, the initial fragmentation occured at
the hydroxyl group, resulting in the elimination of a










-H m/e 241m/e 257m/e 254
CH2OCH3




































































(i) Sophoradiol (T1) (olean-12-ene-3B(e), 22B(a) diol )
2930
2019 21






T1 and the acetate aerivative or T1 were colorless
needle shape crystals. The Liebermann-Burchard test of
T1 gave positive result for triterpenoid (ie. changed
the color of the solution from red to deep blue). Results
from the microanalysis (table XVIII) led to the deduction
of the molecular formulas C30H5002 for T1 and C34H5404
for T 1 acetate . The melting points of T1 (219°-220°C )
and its acetate (220°-221°C) were in good agreement with











T1 absorbed UV at 200.5 nm, Its PMR spectrum (fig.55)
indicated the presence of 8 angular methyl and one vinylic
proton. The IR spectrum (fig.53) showed strong OH absorp-
tion and no C=O band. On the other hand, the acetate
derivative of T1, which was simply prepared by the reaction
of T1 with acetic anhydride-pyridine, gave strong C=0
absorption band at 1738 cm-1 and no absorption correspond-
ing to OH Therefore, the two oxygen atoms of T1 should
come from two hydroxyl groups which were easily acetylated
to give the diacetate derivative. The PMR spectrum of the
diacetate again indicated the presence of 8 angular methyl,
one vinylic proton and two acetoxyl groups.
The mass spectra of Ti and its diacetate showed
characteristic fragmentations of olean-12-ene (fig.57)(67,68) .
The retro-Diels-Alder fragments m/e 234, 207 (T1) and 276,
249 (T1 diacetate) indicated the position of the two
hydroxyl groups of Tl one being situated at 3R position
while the other being substituted on ring D or E.
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Comparing the physical data and the spectral data with
that of sophoradiol and sophoradiol diacetate,(88,66) T
was found to be identical to sophoradiol and T1 acetate'
was sophordiol diacetate.
The spectral data are tabulated and their interpretation are
discussed in the following sections.
















1730 1655 1250 827
Table (XIX) cm_1 of Sophoradiol its dlacetate
Some of the IR absorption bands and their assignments
are listed in table XIX . The absence of OH band in the
T 1 acetate indicated that all the hydroxyl groups of T1
were acetylated. The weak absorption bands at 1660 and 825
cm-1 were propably due to vibrational absorptions of an
unconjugated double bond.
As can be seen from the IR spectrum (f ig. 53) , there is
no absorption bands with increasing intensity in the region
between 1330-1254 cm-1(the B range). This missing of
absorptions in the B range, as concluded by G. Snatzke et
al(56), showed that T1 is a neutral triterpene.
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(2) PMR Spect. (fig.55, 56)
The PMR spectra (fig.55, 56) showed the typical absorp-
tion peaks of pentacyclic triterpene and triterpene acetate.
The vinylic proton of Tl and Tl acetate was found to give a
broad absorption with a peak at 5.228 (1H). Two protons
alpha to two hydroxyl groups were found to have low and
diffuse absorptions centred at 3.25& (2H). After acetylation
of Tl, this broad absorption of the two alpha protons were
shifted to lower field (4.50 5).
The acetoxyl groups of the Tl acetate gave two sharp
absorptions at 2.025 (3H,s) and 2.048 (3H,s). Combining this
result with that of the IR spectra, the presence of two
hydroxyl groups in Tl was confirmed.
The angular methyl protons resonance was in the region
between 1.5-0.55. Based on the studies of the PMR spectra
of deutrated olean-12-ene by Djerassi (table IX)(63) and
the studies of the effect of 3B-OH, 22B-OH, 3B-OAc and 22B-
OAc substitution by H.T.Cheung et al(table X)(65) and Sho
Ito et al (table X)(66), the well defined absorptions of
the angular methyl groups of Tl and its acetate were
satisfactorily assigned (table XIIX). Therefore Tl was
confirmed to be sophoradiol and its acetate was sophoradiol
diacetate.
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PMR Spectrum of Sophoradiol
Fig. 55
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PMR Spectrum of Sophoradiol Diacetate
Fig. 56
9 8 7 6 5 4 3 2 1 ppm
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C23 C24 C25 C26 C27 C28 C29 C30
0.99 0.79 0.96 0.99 1.12 0.91 0.88 1.04
0.99 0.79 0.96 0.99 1.12 0.91 0.88 1.04
0.87 0.87 0.98 0.98 1.15 0.98 0.82 0.87
0.87 0.87 0.98 0.98 1.15 0.98 0.83 0.88
Table XX
(3) Mass Spect. (fig-57,58)
The mass spectra of T1 , its acetate derivative and
their fragmentation pathways are shown in fig. 59 and
fig.60. As shown in the figures 61 and 62, pathyway A
showed characteristic fragmentations of olean-l2-enes.
The retro-Diels-Alder fragmentation leading to species (b)
m/e 234 and (e) m/e 276 was employed as a characteristic
diagnostic tool for the presence of a 12-13 double bond.
In the case of Ti acetate , the base peak was shifted to
m/e 216. This shift of base peak was most probably due to
the release of steric hindrance by removal of one molecule
of HOAc from species (e ) .
66
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The fragment ion at m/e 219 (c) from patnway A(fig.61)
is more intense than the peak at m/e 207 (d) from pathway B
(fig.64). According to the studies of Djerrassi, if the basic
molecular skeleton of T1 is olean-12-ene, the intensity of
the peak at m/e 219 will be larger than that at m/e 207,
while the reverse is true in the case of 12-urene.(70)
From this difference in intensities of the two peaks (c) and






















In pathway (C), a mechanism involved homolytlc cleavage
of the 9-10 bond in the molecular ion of Tl (63,89) to
afford (g) (fig.63) , followed by hydrogen transfer from
C26 to C7 with concomitant hydrolysis of the 7-8 bond to
give the resonance stabilized species (m/e 273). Similar
mechanism was applied to explain the formation of the species
(m/e 255) from the fragment ion (f) (m/e 466) of Tl acetate.
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T2 acetate was formed by treating T2 with a mixture of
acidic anhydride-pyridine (1:1). Both T2 and T2 acetate
crystallized from MeOH as colorless needles. Liebermann-
Burchard tests showed that ther were triterpenes. The results
from the microanalysis led to the deduction of the molecular
formula C30H50O3 for T2 and C36H56O6 for T2 acetate (table
XXI). As shown in table XXII, the melting points of T2 and
T2 acetate were found to be comparable with that of soya-
sapogenol-(B) and soyasapogernol-(B) triacetate. The optical
rotation[a]20D of T2 and T2 acetate were found to be +90.70
and +82 respectively. All these results led to a prelimin-
ary conclusion that T2 was soyasapogenol-(B) and T2 acetate
107
soyasapogenol-(B) triacetate. This conclusion was Iurthur
confirmed by-the IR, PMR and MS spectra.
The UV spectra showed no absorption band beyond 210 nm.
From the IR and PMR spectra, it was easily concluded that
T2 acetate was an triacetate and the three oxygen atoms
of T 2 belonged to three hydroxyl groups. Their PMR spectra
indicated the presence of 7 angular methyl groups, one
primary hydroxyl group, two secondary hydroxyl groups and
one vinylic proton. The mass spectra showed the typical
fragmentations of olean-l2-enes. From the fragments (m/e
234 and m/e 276), it was easily deduced that two hydroxyl
groups were situated in ring A,B and one hydroxyl group
was substituted in either ring D or E. Since H2O or AcOH
instead of -CH2OH and -CH2OAc were lost from the species
m/e 234 or m/e 276, therefore the -OH group on ring D or
E should be a secondary hydroxyl group.
Comparing the physical and spectral data with that of
soyasapogenol-(B) and soyasapogenol-(B) triacetate, (90,91,92)
T2 and T2 ,acetate were confirmed to be soyasapogenol-(B )
and soyasapogenol-(B) triacetate respectively.
The spectra and their interpretations are disscussed
in the following paragraphs*
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Meltins points of Soa.sapoenol-(B) & its triacetate
sovasapoT2 acetatesovasapo-T2 geno1-(B)genol-(B) triacetate
176°-(900177°_259°-(90)260°-M.P. 177°C178°C261°c261°c
Table XXII
(1) IR Spect. (fig.66, 67)
The IR spectrum of T2 and T2 acetate were similar to
that of T1 and T1 acetate. Presence of -OH in T2 was indicated
by the strong absorption at 3378 cm-1 while absence of v OH
band in the IR spectrum of T2 acetate showed that all the
hydroxyl groups of T2 were acetylated. The weak absorption
bands at 1649 cm-1 and 825 cm-1 corresponded to the vibrational
absorption of an unconiuated double bond.
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(2) PMR Spect. (fig. 68, 69)
The PMR spectra of T2 and T2 acetate show typical absorp-
tion patterns of pentacyclic triterpene. The vinylic proton
gives a broad absorption with a peak at 5.285 (1H). By
comparing the integrated area of the methyl absorption with
that of the vinylic proton, the well defined peaks in the
region between 0.58 and 1.58 were found to come from the
proton resonance of seven angular methyls (table XXIII).
In the PMR of T2 acetate (fig.69) , two kinds of resonance
peaks (centred at 4.238 and 4.68) of the proton alpha to
the acetoxyls were found. The AB quartet centred at 4.238
(2H) with coupling constant J:12 Hz was definitely formed
by the resonance of the protons of -CH2OAc, while the broad
absorption at 4.68 (2H) was due to proton resonance of two
-CHOAc.
The sharp peaks at 2.008 (6H) and 2.02'5 U H) arise from
the absorption of three acetoxyls of T2 acetate. Combining
this result with that from the IR spectra, the presence of
three hydroxyl groups in T2 was confirmed
As shown in table XXIII, the angular methyl absorptions
of T2 acetate were identical to that of soyasapogenol- (B )
(93)triacetate which had been studied by M.Shamma.
values for angular mezny-L5(93)Tble XXII:
1.02(3H)0.94 (3H) 1.12 (3H0.86(3H
T2 1.24(3H) 0.90(6H)
0.82(3H) 0.90(3H)T2 acetate 1.00(9H 1.04(3H) 1.16(3H)
novasenol-(B) 1.04(3H) 1.16(3H)0.91(3H) 1.00(9H)0.83(3H)trlacetate
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PMR Spectrum of Soyasapogenol-(B)
Fig. 68
9 8 7 6 5 4 3 2 1 ppm
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PMR Spectrum of Soyasapogenol-(B) Triacetate
Fig. 69
9 8 7 6 5 4 3 2 1 ppm
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(3) MS (fig. 70, 71)
In the mass spectrum of T2 , the peak (f) m/e 234 formed
by retro-Diels-Alder fragmentation of the molecular ion
m/e 458 was used as the diagnostic peak for the 12-13
double bond and also an indicator for the existence of a
hydroxyl group on either ring D or E. The peak (g) m/e
224 and (h) formed by the fragments comprising ring A and
B , which were 16 units larger than the corresponding
ions (a') and (b) of T1, together with the ions formed
by successive loss of two H2O molecules showed the presence
of two hydroxyl groups in ring A and B. Successive loss of
HOAc was found in the mass spectrum of T2 acetate (fig. 73)
Grouping these results with that of the PMR spectra (table
XXIII), the three hydroxyl groups were found to be situated
at the 3B, 21d and 24 positions. Therefore T2 was confirmed
to be soyasapogenol-B and T2 acetate soyasapogenol-B tri-
acetate. Using the fragmentation mechanism of TJ (pathway A,
B and C as shown in figures 61, 62, 63 64), most of the
intense peaks of T2 and T2 acetate were explained and the
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(C) Analysis of Sugars
Sugars inside the aqueous portion A4 were investigated
by thin layer chromatography. The resulting solution A4-1
from neutralization and decolorization of A4 together with
pure samples of D-xylose, d----rhamnose and D-glucose were
spotted on to a 0.5 mm silica gel TLC plate, developed in
a solvent system n-BuOH : 95% ethanol : water (3:2:1) ,
sprayed with a mixture of methanolic H 2SO4 and HNO3 and
heated in an oven for 5 minutes. The results obtained from these
procedures are shown in figure 75 and table XXIV.





























Rf values of the Sugars
The color and Rf values of spot E and F of A4-1 were
identical with that of d-rhamnose and D-glucose. Therefore,
d-rhamnose and D-glucose were the sugars found in the root
of Abrus cantoniensis Hance.
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(III) Experimental
Microanalysis were performed by the Australian Micro-
analytical Service of Melbourne, Australia. The optical
rotation was taken by a SCHIMIDT/HAENSCH polarimeter.
Melting points were determined on Kofler micro-heating
stage and are reported uncorrected. Infra-red spectra were
obtained in KBr solid disc from a Perkin Elimer 283 IR
Spectrophotometer. Proton magnetic resonance spectra (PMR)
were obtained on JEOL 60-HL Spectrometer with tetramethyl-
silane as an internal standard and deuterochloroform as
solvent. Ultra Violet spectra were measured with a UV-Vis-
NIR Hitachi 323 Recording Spectrophotometer. Mass spectra
were measured with a VG Micrcmass 70-70F high resolution
double focussing mass spectrometer with VG Data System
2025 at 70 and 15 eV.
Silica gel used for chromatography was MERCK Kieselgel
60 230-400 mesh. Thin layer chromatographic plates were
prepared from MERCK Kieselgel 60 PF254. Most of the solvents
used were purchased from E. MERCK Company and the pet-ether
(b.p. 40°-60°C) was provided by BDH Company.
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(A) Pathway (I)
(i) Preparation of the crude extract A3
The pulverized root of Abrus cantoniensis Hance (300 g),
purchased from a reliable herbal store, was extracted
(Scxhlet) with McOH (2 litres). MeOH was then removed under
vacuum and the residue A 1 (138 g, wt. from 10 batches) was
mixed with distilled water (1 litre). This mixture was
extracted with enough n-BuOH (8 litres) untill the last
portion of the n-BuOH extract became pale yellow in color.
The n-BuOH extract was evaporated to dryness in a rotary
evaporator under vacuum with the temperature controlled
under 50°C. The residue so formed A2 (114 g) was defatted
by refluxing with ether (1 litre) for 8 hrs., Similar to A
and A2, The ether insoluble portion was dried to give A3
(78 g) in 2.6% yield. Al, A2 and A3 were subjected to
biological tests on certain animal models and were found
to be anti-hYperbilirubinemic(94).
(ii) Hydrolysis of A3
Me0H (400 ml) was refluxed with A3 (70 g) in a one
litre round bottom flask for 30 minutes. 2N H2SO4 (300 ml)
was then added and the acidic mixture was stirred well and
refluxed at 110° C for 8 hours. After standing overnight,
the hydrolyzed mixture was extracted with enough diethyl-
ether until the last portion of the extract showed pale
\TP11hw color. The aqueous portion was lyophilized and the
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residue A4 (21.5 g) was reserved for the ldentIt icatlon or
sugars. The diethyl-ether portion was then extracted in the
order of basicity with 5% NaHC03 , 5% Na2C03 , and 5% KOH.
The ether solution A7 (1.7502 g) that left behind was
evaporated to dryness under vacuum and was reserved for the
investigation of neutral aglycones (95) . The basic extracts
N 3 (NaHCO 3 portion), N2 (Na2CO3 portion) and N1 (KOH
portion) were neutralized with conc. HCl until each
solution showed pH values approximately equal to 2. The
acidic solutions were extracted with diethyl-ether, back-
washed with water and then dried under vacuum with the
temperature controlled under 40°C giving A8 (KOH extract)
(1.4466 g), A6(Na2CO3 extract 1.9741 g) and A5 (NaHCO3
extract 4.2731 g).
(iii) Separation of A8
A8 (1.4466 g) was redissolved in a minimum amount of
chloroform, pre-.adsorbed on to silica. gel, and chromato-
graphed over a column of the same material with gradient
elution by increasing concentrations of ethyl acetate in
pet-ether. The eluents w-ere collected in 250 ml portions
and each of them was tested by thin layer chromatography
using pet-ether and ethyl acetate (7:3) as developing
solvent and 90% ethanolic H 2SO4 as spraying agent. Three
fragments, A9(54.2 m,g) minor amount of T3 and T, 4were
obtained.
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(iv) Separation of Chrysophanol and Physicon from A9
A 9 (54.2 mg) was redissolved in a minimum amount of
CHCl 3, pre-adsorbed on to silica gel , and chromatographed
over a column of the same material with elution solvent
pet-ether : ethyl acetate (4:6). Early fractions yielded
chrysophanol (50.3 mg) the tail fraction contained a
mixture of chrysophanol and physicon and was furthur
separated by preparative thin layer chromatography (0.25
mm silica gel plate) with developing solvent system pet-
ether : ethyl acetate (3:7). Physicon was obtained by
removing the yellow band at Rf 0.62 and extracting with
diethyl-ether. Chrysophanol (0.9 mg) was obtained from the
yellow band at R, 0.67.
(a) Chrysophanolmethyl-1, o -ainyaroxyan ur1I -_i.q u1.111.111C f vvc.
recrystallized from ethyl acetate-pet-ether as yellow
needles, m.p. 194°-196°C mixed melting point with chry-
sophanol obtained from Fluka Co. gave 194°-196°C.
microanalysis : C 70.40%, H 4.01%(Calc. for
c 15 x1004, C 70.86%, H 3.9%)
X (MeOH) nm : 226 (loge 4.614) 257 (logE 4.375)
max 379 (log r 4.039) 289 (log E 4.071)
433 (loge 3.925)
(KBr) cm-1: 1680 (free C=0 stretching)
max 1631.2 (hydrogen bonded C=O stretching
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PMR 2.45 (3H,s,CH3), 7.1 (1H,s,2-H),
7.78 (1H,s,4-H), 7.2-8.1 (3H,m,
5-H, 6-H, 7-H), 12.25 (1H,s,OH),
12.35 (1H,s,OH);
m/e (70 ev): 254 (M+, C15H10O4 req. 254, 100%)
239 ([M-CH3]+), 237 ([M-OH]+)
226 ([M-CO]+,11.5%)
198 ([M-2CO]+,1.01%)
Addition of base and Mg(OAc)2 gave red color solutions.
(b) Physicon recrystallized from ethyl acetate-light
petroleum gave orange needles (0.4 mg),m.p. 208 -209 c
(lit.(86) 207-206 C; 209 -210 C(87)).
max
(MeOH) nm 225 (loge 4.54), 255 (loge 4.26)
267 (loge 4.27), 289 (loge 4.25)
437 (loge 4.49);






Addition of base and Mg(OAc)2 gave red color solutions.
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(v) Separation of T1 and T2 from A7
(1.7502 g) of A7 was redissolved in CHC13 (50 ml) and
decolorized by activated charcoal. The decolorized solution
was filtered, concentrated under vacuum, and then chromato-
graphed over a silica gel column. Mixture of C6H6, CHC13
and acetone, ranging from CHC13 : C6H6 (10:90) to CHC13 and
then to CHC13 : acetone (90:10), were used for eluting the
column. The eluents were collected in 250 ml portion and
each of them was tested by TLC with developing solvent CHC13
: acetone (90:10). Two major components Ti (525 mg) and T2
(490 mg) were obtained.
(vi) Sophoradiol (olean-l2-ene , 3B(e) , 22B(a) diol) from Tl
Crude crystals from T1 recrystallized from MeOH as
colorless needlesp melting g point 2l9°-220°C (lit. (88) 219-
220 C)
microanalysis : C 81.29%, H 11.31%,




0.88 (3H,s, C29),0.79 (3H,s , C24 ),PMR
0.91 (3H,s, C28),0.99 (6H,s, C23 & C26),
1.12 (3H,s, C27),1.04 C3H,s, C30),
5.22 (1H. vinvlic proton)
20
126
m/e (14 eV) : 442 )M C30H50O2 req. 442)
427 ([M-CH3]), 424 ([M-H2O]),




(vii) Sophoradiol diacetate (olean-12-ene, 3B(e) ,22B(a) diacetate)
A solution of sophoradiol (10 mg) in a mixture of
pyridine and acetic anhydride (1:1,4 ml) was kept at room
temperature for one day. The resulting solution was poured
into ice water and the diacetate was extracted with diethyl-
ether. Sophoradiol diacetate (9.5 mg) crystallized from MeOH
as colorless needles, melting point 220°-221°C (lit.
(88)
219°-220°C);
microanalysis : C 77.37%, H 10.55%, (C34H54O4 req.
C 77.52%, H 10.33%)
[a] 20D : +79.6° (CHCl3)
max
: 1730 cm-1 C=O 1250 cm-1 C-O-C
PMR : 0.82 (3H,s, C29), 1.15 (3H,s, C27)
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0.87 (9H,s,C23,C24 & C30),
0.98 (9H,s,C25,C26 & C28),
2.0. (3H,s, OAc), 2.04 (3H,s, OAc),
5.22 (lH, vinylic proton)
m/e (14 eV): 526 (M+,C34H54O4req.526)




(viii) Soyasapogenol-B (olean-12-ene,3p,21d,24-triol)from T2
Crude crystals of T2 recrystallized from MeOH as
colorless needles,melting point 260-261c(lit. (90)
259-261c);
microanalysis :C 78.73%, H 11.26%, (C30H50O3req.
C 78.55%, H 10.99%)




PMR 8 : 0.86, 0.94,1.02, 1.12, 1.24 (each 3H,s)
0.90 (6H,s), 5.28 (1H, br., vinylic proton)
m/e (14 eV) : 458 (M , C30H50O3 req. 458)






(ix) soyasapogenol-B triacetate (olean-12-end,3b,21a,24-triacetate)
soyasapogenol-B (15 mg) was acetylated with acetiq
anhydride (2 ml) and pydridine (2 ml) at room temperature
for one day. The crude triacetate was isolated in the same
way as that in sophoradiol diacetate. The crude product was
recrystallized from MeOH to yield analytical soyasapogenol-B
triaectato (16 mg) in the form of colorless needles, melting
point 1770-1780C (lit.(90) 1760-1770C),
microanalysis : C 73.58%, H9.90T, (C36H56O6 req
C 73.905, H 9.65%)






PMR 0.82, 0.90 (each 3H,s), 1.00 (9H,s),
1.04, 1.16 (each 3H,s), 2.00 (6H,s,OAc)
2.20 (3H,s,OAc),
4.1, 4.35 (each 1H, AB q. J:12 Hz, CH2OAc),
4.6 (2H,br.,m, CH-OAc),
br.-broad
m -mutiplet 5.25 (1H,br., H at C12)
s -singlet
m/e (14 eV) 584 (M+,C36H56O6 req.584





(x) Analysis of sugar
The aqueous portion A4 (21.5 g) was redissolved in dis-
tilled water (210 ml). The sugar solution was neutralized
with BaSOL, and then decolorized by activated charcoal. The
resulting soltuion was lyophilized to give pale yellow residues
A4-1 (5 g). A4-1 was chromatographed on a 0.5 mm silica gel
TLC plate using pure D-xylose, d-rhamnose, D-glucose as
standards. n-BuOH : 95% ethanol : water (3:2:1) was used as the
developing solvent while mixture of methanolic H 2SO4 and HNO3
was used as spraying agent. Two spots were observed for A4-1
at R f 0.64 (dark spot) and Rf 0.75 (yellow spot) which were
identical to that of D-glucose and d-rhamnose.
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